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Abstract 
Background: Behavior change interventions targeting self-regulation skills have generally shown 
promising effects. However, the psychological working mechanisms remain poorly understood.  
Purpose: We examined theory-based mediators of a randomized controlled trial in couples 
targeting action control (i.e., continuously monitoring and evaluating an ongoing behavior). Self-
reported action control was tested as the main mediating mechanism of physical activity 
adherence, and in addition self-efficacy and received social support from the partner.  
Methods: Overweight individuals (N=121) and their heterosexual partners were randomly 
allocated to an intervention (information + action control text messages) or a control group 
(information only). Across a period of 28 days, participants reported on action control, self-
efficacy, and received support in end-of-day diaries, and wore triaxial accelerometers to assess 
stable between-person differences in mediators and the outcome adherence to recommended 
daily activity levels (≥30 minutes of moderate activity in bouts of at least 10 minutes). 
Results: On average, participants in the intervention group showed higher physical activity 
adherence levels, and higher action control, self-efficacy and received support compared to 
participants in the control group. Action control and received support emerged as mediating 
mechanisms, explaining 19.7% and 24.6% of the total intervention effect respectively in separate 
analyses, and 13.9% and 22.2% when analyzed simultaneously. No evidence emerged for self-
efficacy as mediator. 
Conclusions: Action control and received support partly explain the effects of an action control 
intervention on physical activity adherence levels. Continued research is needed to better 
understand what drives intervention effects to guide innovative and effective health promotion. 
(controlled-trials.com ISRCTN15705531) 
 
Keywords: randomized controlled trial, mediation, physical activity, action control, self-efficacy, 
social support, couples  
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Mediators of physical activity adherence: Results of an action control intervention in 
couples 
Regular physical activity has many benefits for health. Nevertheless, most individuals do not 
adhere to the recommended minimum level of activity (1). According to current guidelines, 
adults should accumulate at least 150 minutes of moderate activity throughout the week (or an 
equivalent combination of moderate and vigorous activity), performed in bouts lasting 10 or 
more minutes (2). Numerous studies have aimed at increasing physical activity in interventions, 
and have generally shown promising effects, albeit small in size (e.g., 3). However, to design 
effective interventions it is essential to understand why an intervention works (4). Within a 
randomized controlled design, mediation analysis provides the strongest possible inference as to 
what elements are causally responsible for achieving a desired outcome. Yet, in the context of 
physical activity, trials often do not analyze the mediating mechanisms by which interventions 
are successful (5), or do not use formal statistical tests of mediation (e.g., significance of the 
indirect effect through the mediator; 6). At the same time, theory-based interventions are needed 
to facilitate our understanding of the working mechanisms of a treatment (4, 7). Thus, this study 
aimed to examine the theoretically derived mediating mechanisms of an action control 
intervention in couples on physical activity adherence. 
Self-regulation mechanisms in health behavior change 
In systematic reviews, self-regulation constructs found most support for mediation in 
physical activity interventions (5, 7). In line with this, a recent review of obesity interventions 
(6) demonstrated that self-regulation skills (e.g., self-monitoring), along with autonomous 
motivation and self-efficacy were promising mediators of physical activity. Self-regulation 
describes various processes by which people pursue and attain goals and commonly it is 
distinguished between goal setting (i.e., determining which goals to pursue) and goal striving 
(i.e., planning and executing goal-promoting actions) (8). In theories of health behavior change, 
self-regulatory processes such as action planning or action control have been identified to 
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facilitate effective behavior change (e.g., Health Action Process Approach; 9). Action control 
refers to continuously monitoring and evaluating an ongoing behavior with regard to one’s 
standards (10). Based on the principle of negative feedback control (11), it comprises the three 
subcomponents awareness of standards (i.e., being aware of one’s set intentions), self-
monitoring (i.e., observing one’s behavior in order to evaluate whether it corresponds with one’s 
intentions), and self-regulatory effort (i.e., applying means to reduce discrepancies between 
one’s behavior and intentions). So far, interventions targeting action control (e.g., using self-
monitoring diaries) among other self-regulatory processes were successful in changing physical 
activity behavior (12). The intervention effects were at least in part explained by changes in 
action control. Thus, the current literature provides preliminary evidence that action control is an 
effective strategy in changing physical activity behavior. Similarly, combining behavior change 
techniques consistent with control theory has recently been found most effective in improving 
physical activity (13). The present intervention study tested the effect of targeting action control 
comprehensively, and within the context of intimate couples.   
There is evidence that improving self-regulatory skills such as planning and action control 
may result in more self-efficacy as an experimental side effect (14). Self-efficacy refers to beliefs 
in one’s capability to perform the goal behavior by one’s own actions and resources (15). One 
explanation for such an experimental side effect may be the experience of mastery, an important 
source of self-efficacy, that arises from successful behavior change. In line with this, ‘prompting 
self-monitoring of behavioral outcome’ has been identified as a significant behavior change 
technique for self-efficacy regarding physical activity in obese adults (16). So far, evidence on 
self-efficacy as a mediator of physical activity interventions is however mixed. Some studies 
showed support for self-efficacy as a significant psychosocial mediator (17), while others did not 
(18, 19).  
Recently, studies have sought to involve close others into the self-regulation process of 
behavior change. For instance, jointly planning and enacting the behavior with a partner (i.e., 
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collaborative implementation intentions) has been found effective (20). It is assumed that the 
involvement of a partner fosters social exchange processes such as the receipt of partner support 
that may in turn facilitate behavior change (21). Social support refers to the perceived 
availability of help or support actually received, and may be regarded as the provision or 
exchange of resources in times of need (22). Some studies support that interventions targeting 
close network members increased social network involvement such as social support, but did not 
test for mediation (23). Prestwich, Conner, Lawton, Ward, Ayres and McEachan (24) 
demonstrated that the effects of partner-based interventions were partially mediated by greater 
perceived social influence, partner support and enjoyment, but not intentions and self-efficacy. 
This preliminary evidence suggests that social support may serve as additional mediator in 
explaining effects of self-regulation interventions involving a close other. More research is 
needed that tests this assumption in other forms of dyadic regulation. Moreover, potential 
boundary conditions for the benefit of dyadic regulation via social support should be considered. 
For example, the role of social support may differ for men and women. The literature on social 
support indicates that women seem to be more skilled than men in providing effective support 
(25) and in timing support (26). Gender differences in the effectiveness of social support have 
also been found in the context of health behavior change, in that men benefitted more from social 
support in terms of their smoking (27) or dieting (28).  
The present study 
In sum, there is a need to formally test the mediators of behavior change interventions to 
elucidate the psychological working mechanisms, particularly those central to the driving theory. 
The present study contributes to this field by testing the theoretically derived and pre-registered 
mediating mechanisms of physical activity adherence in a recently published action control 
intervention. The Dyadic Action Control Trial in overweight and obese Couples (DYACTIC; 29) 
investigated the effectiveness of a theory-based action control intervention in promoting physical 
activity in overweight individuals, using action control text messages delivered in everyday life. 
MEDIATORS OF AN ACTION CONTROL INTERVENTION 6 
Moreover, by recruiting romantic couples as participants, it was possible to explore action 
control within a social context. The design of the trial combined accelerometer-based physical 
activity assessment and daily diaries during 28 consecutive days (14 days of intervention and 14 
days of follow-up). As reported in detailed day-to-day analyses (30), the action control 
intervention effectively enhanced the daily adherence to physical activity recommendations 
during the intervention and follow-up phase, but no difference emerged in terms of daily 
moderate-to-vigorous activity (in minutes). Daily adherence to physical activity recommendation 
(≥ 30 minutes per day of moderate-to-vigorous physical activity, performed in bouts lasting 10 or 
more minutes) was operationalized based on the national guidelines at the time of the study (31), 
and was the main behavioral target of the intervention. No benefit of a dyadic version of the 
intervention (where partners were actively involved in the action control process) compared to an 
individual version (where partners also participated in the study) emerged.  
The present study aims to understand the mechanisms that explain the intervention effect on 
the main behavioral target, adherence to recommended daily physical activity levels (objectively 
assessed via accelerometer). Given that the intervention effect was sustained across the 
intervention and follow-up phase (30), we were interested in explaining the stable difference in 
physical activity adherence between groups, and chose a between-person approach averaging 
mediators and outcomes across the 28 days. As proposed in the trial registration 
(ISRCTN15705531), we hypothesized that self-reported action control would serve as the main 
mediator of the intervention effect on physical activity adherence. Furthermore, it was assumed 
that the intervention would stimulate processes apart from action control, although it did not 
directly contain such elements. Previous research indicates that self-regulation interventions may 
increase self-efficacy (e.g., 14). Moreover, by involving the intimate partner with the same 
activity goals to participate in the study, the intervention may elicit social support from the 
partner (e.g., 24). Thus, we hypothesized that self-efficacy and received social support would 
serve as additional mediators of the intervention effect. In an exploratory analysis, we tested 
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whether the mediating pathway of social support would differ for men and women, assuming 
that men would benefit more from their female partner’s support than women (25, 28).  
Method 
Participants 
Heterosexual couples living in a committed relationship for at least 12 months and 
cohabitating for at least 6 months were recruited from the community via various channels (e.g., 
advertisements, flyers, research market institution). Both partners were overweight or obese 
(Body Mass Index [BMI] ≥ 25 kg/m2), physically insufficiently active and intended to engage in 
regular physical activity. Random allocation to intervention (n = 61) and control group (n = 62) 
was based on a computer-generated allocation sequence using restricted randomization. 121 
target persons (51.2% female) and their partners participated in the DYACTIC trial at baseline 
(see flowchart in Figure 1). Participants had an average age of 46.3 years (SD = 13.7, Range = 
22-72), BMI of 31.1 (SD = 5.6, Range = 25-62) and relationship duration of 18.8 years (SD = 
14.3, Range = 1-52). For more information on inclusion criteria and sampling procedure, please 
see Berli, Stadler, Inauen and Scholz (30). Randomization check did not yield significant group 
differences at baseline in terms of gender, marital status, education, employment status, age, 
body mass index, relationship duration, action control and received social support (all ps > .05). 
However, significant differences emerged in terms of physical activity intention (M/SDIntervention 
= 4.82/0.57; M/SDControl = 4.57/0.69) and self-efficacy (M/SDIntervention = 4.98/0.61; M/SDControl = 
4.70/0.72). Sensitivity analyses including baseline intention and self-efficacy as covariates did 
not support that these initial differences accounted for variation in the outcomes. The present 
analyses are based on a final sample of 119 target persons, as two participants did not provide 
any data on the accelerometer-based outcome measure.  
Design 
The study was part of a single-blind randomized controlled trial (ISRCTN15705531) funded 
by the Swiss National Science Foundation (PP00P1_133632/1). It comprised a baseline 
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assessment and 28-day diary period, of which the intervention took place within the first 14 days 
followed by another 14 days of assessment-only. At baseline, participating couples provided 
written consent, completed an online questionnaire and were handed out study smartphones and 
accelerometers for a diary period of 28 consecutive days starting the day after baseline. 
Participants were instructed to fill in a short electronic end-of-day diary on the study smartphone 
within one hour of going to bed, and not to discuss their answers with their partners. They were 
asked to wear the accelerometer continuously during waking hours at the hip on the side of their 
dominant hand. The study was approved by the review board of the University of Bern, 
Switzerland. A more detailed description of the DYACTIC trial can be obtained in the published 
study protocol (29).  
Experimental conditions 
Intervention group. The action control intervention consisted of three parts: 1) an 
information leaflet with recommendations on health-enhancing physical activity at the time of 
the study, which involved to engage in at least 30 minutes of moderate-to-vigorous physical 
activity per day performed in bouts of at least 10 minutes (31); 2) setting specific behavioral 
goals to achieve the recommended physical activity level; and 3) one action control text message 
sent every weekday across the first 14 diary days at random times during the working day 
(resulting in a total of 10 messages). Each text message targeted one of the three components of 
action control (awareness of standards, self-monitoring, self-regulatory effort) and differed in 
content (for an overview of all messages see 29). Table 1 summarizes the intervention 
components in terms of the BCT taxonomy (32). An experimental variation in the intervention 
group involved a dyadic delivery for half of the participants (partner were instructed to assist 
target persons in setting behavioral goals, and to send the text messages in a personalized form 
but with the exact same content), and an individual delivery for the other half of the participants 
(target persons set their behavioral intentions individually, and text messages were sent from the 
study staff via an automated system).  
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Control group. Participants of the control group received the same information leaflet, but 
were not asked to set specific behavioral intentions. They received text messages at the same 
time as participants in the intervention group, but with a reminder to fill in the end-of-day diary. 
Measures 
Outcome. Physical activity adherence was assessed with triaxial GT3X+ monitors 
(ActiGraph, Pensacola, FL) and processed in ActiLife 6 software. Only days with at least 10 
hours of valid wear time were included in the analyses, with non-wear time filtered based on an 
algorithm of ≥ 90min of consecutive zeros in vector magnitude (33). Across the 119 target 
persons in the final sample, 2854 (85.7%) days were available. To identify physical activity of at 
least moderate intensity, cut-points by Sasaki, John and Freedson (34; > 2690 cpm in vector 
magnitude) were used. Based on physical activity recommendations, a bout analysis was 
conducted summing the total minutes of moderate physical activity per day that was performed 
in bouts of at least 10 minutes (ten consecutive minutes of observations had to exceed the 
moderate intensity cut-point, allowing a maximum of two observations to fall below during that 
period). Days with 30 or more minutes were coded as 1 (adherent days), days with less than 30 
minutes were coded as 0 (non-adherent days). To obtain a stable between-person score of 
physical activity adherence, which served as the main outcome for the present analyses, the 
mean of adherent (=1) and non-adherent (=0) days across the 28-day period was calculated for 
each person. 
Mediators. The end-of-day-diary contained measures of action control, self-efficacy and 
received social support from the partner, with a response format of 1 (today not at all true) to 6 
(today completely true). Missings were overall low, with n = 3112 [93.4%] of 3332 possible 
diary days available across the 119 participants. To obtain stable between-person scores, person-
specific means across the 28 days were computed for each mediator. A between-person 
reliability index Rkf (35) was calculated for the action control and social support scales, which 
indicates whether someone tends to be high or low on a given scale. 
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Action control was assessed with three items that were combined into a mean score (adapted 
from 36): “Today I had my intentions in terms of my physical activity constantly on my mind” 
for awareness of standards, “Today I constantly monitored whether I acted the way I intended to 
in terms of my physical activity“ for self-monitoring, and “Today I did my best to be physically 
active the way I intended to” for self-regulatory effort (Rkf = .99). 
Self-efficacy was assessed with a single item (adapted from 37): “I am confident that I can 
be physically active tomorrow even if it is difficult.“  
Received social support from partner was assessed with two items that were combined into 
a mean score (adapted from 38): “Today, I received emotional support from my partner in terms 
of my physical activity“ (e.g., comfort or encouragement), and “Today, I received practical 
support from my partner in terms of my physical activity“ (e.g., advice or information) (Rkf = 
.99). Before answering the items, participants were presented with a short description and some 
examples of emotional and practical support.  
Baseline characteristics. At baseline, questionnaires included composite measures of action 
control (nine items adapted from 36), self-efficacy (four items adapted from 37) and received 
social support from partner (ten items adapted from 39). Also, socio-demographic variables such 
as gender, age and BMI were assessed. 
Analytical Procedure 
We examined action control, self-efficacy and received social support as separate mediators 
of the intervention effect on physical activity adherence. We used regression procedures in line 
with recommendations for appropriate mediation analysis (40): We first tested the effect of the 
intervention on the mediator (action theory test, or a coefficient) by regressing the mediator on 
intervention group. Second, we tested the effect of the mediator on the outcome (conceptual 
theory test, or b coefficient) by regressing the outcome simultaneously on the mediator and 
intervention group (the latter resulting in the direct effect, or c’ coefficient). Third, we calculated 
strength and significance of the indirect effect following the product of coefficients approach 
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using bias-corrected bootstrapping with 10000 resamples (41). As an effect size measure, we 
indicated the ratio of the indirect to the total effect as the proportion mediated, and set the lower 
and upper bound to be 0.0 and 1.0 respectively (42). Analyses included gender and device wear-
time as covariates, as well as baseline measure of the respective mediator to account for any 
variance in mediator and outcome due to differences at baseline. We used the same set of 
covariates for all regression analyses (see 43). For a meaningful intercept, all continuous 
variables were centered at the sample mean (i.e. grand-mean centering). In addition to the single 
mediator models, we tested a multiple mediator model specifying action control, self-efficacy, 
and received social support simultaneously as mediators. This allowed determining their 
independent contribution in explaining the intervention effect on the outcome while adjusting for 
the other mediators (i.e. specific indirect effects; 44). The same regression procedures were used 
as described above, and analyses included gender, device wear-time and baseline measures of all 
mediators as covariates.  
To examine potential gender differences of the mediation via received social support, we 
conducted a moderated mediation analysis. We included an interaction term with gender in each 
regression analysis to test whether the effect was different for women (coded as 1) compared to 
men (coded as 0). As such, for the action theory test social support was regressed on intervention 
group, gender and the interaction between intervention group and gender. For the conceptual 
theory test, the outcome was regressed on social support, gender, the interaction between social 
support and gender, intervention group and the interaction between intervention group and 
gender. Device wear-time and baseline measure of received social support were again included 
as covariates. We then calculated the indirect effect of the mediator conditionally at each value 
of the moderator (men and women) and tested these conditional indirect effects subsequently for 
equality as an index of moderated mediation. All analyses were implemented using the 
PROCESS macro in SPSS 23 (version 2.13) (43). We reported regression coefficients and 95% 
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confidence intervals as indicators of variability in the text. For complete results see tables 1 
through 5 in the supplemental material. 
Results 
Descriptives  
Figure 2 displays the mean levels of action control, self-efficacy and received social support 
across the 28 diary days separately for the intervention and the control group. For all three 
mediators, a robust mean difference between the intervention and control group emerged from 
the first intervention day on, and was sustained across the 14 days of intervention and the 14 
days of follow-up. A corresponding pattern was found for the outcome, with a stable difference 
in adherence to recommended daily activity levels between the two groups over the course of the 
intervention and follow-up phase (for details see 30). No differential time trends across the two 
groups or the two phases were found for none of the variables of interest. Table 1 displays the 
means of the outcome and all three mediators that were aggregated across the 28 days to capture 
the stable between-person differences in the two groups. 
Moreover, bivariate associations between the outcome, the three mediators and socio-
demographic variables were analyzed (see Table 2). Physical activity adherence had positive, but 
small associations with action control, self-efficacy and social support (r = .16 - .24), and 
correlated positively with gender. Among the three mediators, social support was moderately 
associated with action control and self-efficacy (r = .45 - .49), and action control and self-
efficacy were strongly correlated (r = .72).  
Total intervention effect on physical activity adherence 
The total effect of the action control intervention on physical activity adherence was B = 
0.122 (p < .01), with a 95%-confidence interval [CI] ranging from 0.045 to 0.199. This indicates 
that the mean level of physical activity adherence across the 28 days was around 12% higher in 
the intervention group compared to the control group. While participants of the control groups 
adhered to the recommended daily activity levels (≥ 30 minutes per day of moderate-to-vigorous 
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physical activity, performed in bouts lasting 10 or more minutes) on average on 22% of the days 
across the 28-day diary period (corresponding with around 6 out of 28 days), participants of the 
intervention group adhered on average on 34% of the days (corresponding with around 9.5 out of 
28 days).  
Action control as mediator of physical activity adherence 
Figure 3A depicts the results from the main mediation analysis for action control. 
Regression analyses were adjusted for gender, device wear-time and baseline action control. A 
significant positive effect of the intervention on action control emerged (B = 0.472, p < .001, 
[0.220, 0.723]). Action control marginally predicted physical activity adherence over and above 
the effect of group (B = 0.051, p = .074, [-0.005, 0.107]). There was a significant indirect effect 
of the intervention on physical activity adherence through action control (B = 0.024, [0.001, 
0.061]). The mediated effect explained 19.7% [0.004, 0.743] of the total effect of the 
intervention on the outcome. The direct effect of the intervention on physical activity adherence 
remained significant when accounting for action control (B = 0.098; p < .05 [0.017, 0.178]).  
Additional mediators: Self-efficacy and received social support  
Adjusting for gender, device wear-time and baseline self-efficacy, the intervention showed a 
significant positive effect on self-efficacy (B = 0.591, p < .001, [0.319, 0.863]). Self-efficacy did 
not predict physical activity adherence over and above the effect of group (B = 0.024, p = .362, [-
0.028, 0.077]). No significant indirect effect of the intervention on physical activity adherence 
through self-efficacy emerged (B = 0.014, [-0.015, 0.050]). The mediated effect explained 12.0% 
[0.000, 0.596] of the total intervention effect. The direct effect of the intervention on physical 
activity adherence remained significant when accounting for self-efficacy (B = 0.106, p < .05, 
[0.023, 0.190]).  
Adjusting for gender, device wear-time and baseline social support, the intervention showed 
a significant positive effect on received social support (B = 0.516, p < .001, [0.224, 0.808]). 
Received social support positively predicted physical activity adherence over and above the 
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effect of group (B = 0.059, p < .05, [0.011, 0.107]). A significant indirect effect of the 
intervention on physical activity adherence through received social support emerged (B = 0.030 
[0.007, 0.071]). The mediated effect explained 24.6% [0.060, 0.805] of the total intervention 
effect. The direct effect of the intervention on physical activity adherence remained significant 
when accounting for received social support (B = 0.093; p < .05, [0.015, 0.172]). Results are 
depicted in Figure 3B. 
Multiple mediator model  
Next, we simultaneously tested action control, self-efficacy, and received social support as 
mediators of physical activity adherence. Due to the moderate to high overlap in constructs, the 
independent contributions of the mediators resulted in somewhat attenuated mediated effects 
compared to the single mediator models. The specific indirect effect via action control (B = 
0.017, [-.011, 0.060]) explained 13.9% of the total intervention effect, and via received social 
support 22.2% (B = 0.027, [0.001, 0.072]). No specific indirect effect via self-efficacy was found 
(B = -0.010, [-.052, 0.021]). The direct effect of the intervention on physical activity adherence 
remained significant when accounting for the three mediators (B = 0.087; p < .05, [0.002, 
0.171]). Although the significance for the mediated effect via action control was compromised, 
the point estimates for action control and received social support were negligibly reduced. The 
multiple mediator model overall supported the pattern of results from the single mediator 
models. For the interested readers, we visually illustrated the mediated effects with violin plots 
displaying the sampling distribution of the indirect effect for each mediator (see Figure S1 in the 
supplemental material). 
Exploring the role of gender: A moderated mediation model for social support 
In an additional exploratory analysis, we tested the assumption that the mediation via social 
support would differ between men and women. As noted previously (30), gender did not emerge 
as a significant moderator of the overall intervention effect as initially hypothesized (see trial 
registration ISRCTN15705531). However, we found support for a moderated mediation model 
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for received social support (for complete results see table S4 in the supplemental material): In 
men, the intervention significantly increased received social support (B = 0.807, p < .001, [0.391, 
1.224]), and received social support was positively associated with physical activity adherence 
(B = 0.108, p < .01, [0.040, 0.177]). These associations were less pronounced for women. The 
conditional indirect effect of the intervention on physical activity adherence through received 
social support was only significant for men (B = 0.087 [0.024, 0.200]), but not for women (B = 
0.005 [-0.006, 0.040]), and significantly differed from each other (B = -0.083 [-0.195, -0.016]).  
Discussion 
A critical step in advancing our understanding of health behavior change is to identify the 
causal mechanisms of interventions using formal mediation. This study contributed to this field 
by testing theory-based mediators of an action control intervention in couples. Results showed 
that participants of the intervention group had a higher average level of physical activity 
adherence across the 28 days of the diary period compared to participants of the control group 
(34% vs. 22%). The intervention also resulted in higher mean levels of action control, self-
efficacy and received social support across the 28 days. Participants’ increased use of action 
control strategies provide evidence that the experimental manipulation of action control was 
successful as intended. It suggests that text messaging is a promising mean to target action 
control comprehensively. The present findings also show that the action control intervention 
increased social support from the partner. This is in line with previous findings that an 
intervention involving a close other can elicit support received from this partner (24). Moreover, 
it goes along with literature suggesting that self-regulation does not occur in isolation from 
others and is closely linked with interpersonal processes (45). The present findings show 
preliminary support that self-regulation may elicit positive social interactions. More research is 
however needed to further elucidate how this process works. Were partners actively providing 
support as a supplement to the action control text messages or were participants actively 
mobilizing support from their partners?  
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Findings further suggest that the increased levels of action control and received social 
support at least in part affected how well participants repeatedly adhered to the physical activity 
recommendations across the 28 diary days (i.e. engaging daily in at least 30 minutes of 
moderate-to-vigorous physical activity performed in bouts of at least 10 minutes). When tested 
separately, action control and received support from the partner emerged as mediating 
mechanisms, explaining 19.7% and 24.6% of the total intervention effect respectively. This 
pattern of results was overall maintained when all mediators were considered simultaneously in a 
multiple mediator analysis. The mediated effects of action control and received social support 
were somewhat attenuated in size, explaining 13.9% and 22.2% of the total intervention effect 
respectively. We did not find any evidence for self-efficacy as a mediator of physical activity 
adherence. As Preacher & Hayes (2008) point out, the effects of mediators are often attenuated 
to the degree to which they are correlated. Because in interventions the mediators are almost 
necessarily correlated due to their common cause, the mediators’ independent contribution (i.e., 
specific indirect effect) may not be large. This can also compromise statistical significance, as 
was the case for action control. Assuming that in everyday life the proposed mediators do not 
occur in isolation, the main interest of the present study was not to contrast the relative 
magnitude of the independent effect of the different mediators. For example, support from the 
partner via encouragement is likely to stimulate self-efficacy beliefs (46), reminding on 
scheduled activities will likely result in higher support and action control (i.e. subfacet awareness 
of standards), monitoring progress as part of action control (i.e. subfacet self-monitoring) will 
likely elicit feelings of mastery, resulting in higher self-efficacy etc. The common process of 
action control, self-efficacy, and received support that is manifested in their conceptual overlap, 
may thus also provide a unique contribution to explaining part of the effects on physical activity 
adherence. 
Overall, the current study adds to the existing mixed findings on mediators in physical 
activity interventions, particularly with regard to self-efficacy (e.g., 18). It provides some support 
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for evidence from previous literature on self-regulation (e.g., 6, 12) and social support (e.g., 17) 
as mediators of physical activity interventions. Small mediation effects are not unusual in 
behavior change interventions (cf. 24) and our results compare to studies reporting mediation of 
around 20% of the total intervention effect (e.g., 47). Further, it is not unusual for studies to 
report no significant mediation effect of psychological variables at all, mostly due to the lack of 
change in mediators (e.g., 19, 48, 49). It is however important that such results are reported too, 
as they contribute equally to our understanding of the effectiveness of behavioral interventions. 
Potential explanations for the difficulty to establish mediation involve that a) interventions are 
often not adequately powered to examine mediation (18), b) mechanisms may have underlying 
moderating factors (19), and c) intervention effects may occur due to non-specific factors other 
than the theoretically derived factors (50). In the present study, we could rule out a number of 
potential alternative explanations like differences in interviewer, device wear-time compliance, 
baseline measures or third variables that could serve as confounders of the intervention effect.  
Across all three mediators, particularly self-efficacy, associations with the outcome were 
comparably weak. This is in contrast to the theoretical predictions and empirical evidence of the 
HAPA model on the role of action control and self-efficacy specifically for physical activity 
behavior (36). Also, self-efficacy has been identified as one of the most consistent correlates of 
physical activity in adults (51). What are the reasons for the attenuated associations? With regard 
to self-efficacy, one possible explanation is that it may not be consistently effective across 
different populations. A recent meta-analysis could for example not establish a significant 
relationship between self-efficacy and physical activity in obese adults (16), suggesting that in 
this specific population other mechanisms might be more relevant for increasing levels of 
physical activity. One could also argue that the measure of self-efficacy we used (i.e., confidence 
to be physically active in general) was not sufficient to detect an association with the behavior 
itself. Previous research proposed the distinction in phase-specific self-efficacy beliefs and 
showed that for behavior itself, maintenance self-efficacy (i.e. confidence to maintain the newly 
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adopted activity behavior) and recovery self-efficacy (i.e. confidence to resume physical activity 
after a setback) seem to be particularly predictive (52). Further, the present intervention was not 
designed to specifically target self-efficacy. Thus, it is possible that self-efficacy was stimulated 
as an experimental side effect rather than a causal process of changes in physical activity 
adherence. A more general explanation for the weak associations of the mediators and outcome 
could lie in the measurement of physical activity. While most previous work employed self-
report measures of physical activity, the present study used an accelerometer-based objective 
outcome. This may reduce potential bias in self-report measures due to shared method variance, 
social desirability or reactive responding (accelerometer did not provide feedback on whether 
participants achieved the recommended physical activity levels). Recent studies for example 
reported less consistent associations between social support and self-efficacy with physical 
activity based on accelerometer-assessed compared to self-reported measures (53).  
In an exploratory analysis, we tested the assumption that the mediating pathway via social 
support may be more pronounced for men than women, as research suggests that women are 
more skilled in providing effective support (25). Our findings provide preliminary support for a 
moderated mediation, in that the indirect effect via social support was only significant for men 
but not for women. In men, the intervention increased levels of received social support, and 
higher mean levels were also predictive of higher physical activity adherence. One possible 
interpretation of this finding is that women are more responsive to their partners’ need (cf. 26) 
and might thus actively provide more support and more adequate support to their male partners 
in response to the action control reminders. In line with this, previous research indicated higher 
empathic accuracy in women (e.g., 54). Importantly, we ruled out the possibility that these 
differential effects were attributed to the fact that baseline social support levels differed between 
men and women or that there was a ceiling effect for women so that women had no room for 
improvement through the intervention.  
Strengths and Limitations 
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The present study has several strengths and contributions to the current literature. It involves 
a formal test of mediation in an intervention designed to target specific theoretically derived and 
pre-registered psychological working mechanisms. It employed an objective measure for the 
main outcome physical activity adherence. This avoids shared measurement variance between 
mediators and outcome that may lead to an overestimation of effects with self-reported mediators 
and outcomes (55). Moreover, the assessment methods of the mediators (daily diaries) and the 
outcome (accelerometer) in daily life has the advantages of increasing ecological validity and 
minimizing systematic bias in recall due to the short interval (56). This gives us a most precise 
measure possible of the psychological mediators and outcome at the between-person level (35). 
The following limitations need to be acknowledged as well. First, to keep the daily questionnaire 
short and participant burden low, self-efficacy was assessed with a single item. This precluded us 
from performing a reliability analysis. Given that self-efficacy correlated positively with the 
other mediators, the single item still seems to serve as a useful and valid measure. While the high 
correlation between self-efficacy and action control makes it difficult to empirically distinguish 
the constructs, this does not necessarily mean that the validity of the measures is weak, but rather 
indicates that these two volitional processes are highly intertwined in daily life. Second, our 
results indicate that compared to existing literature, the mediators still explain a sizeable amount 
of the total intervention effect on physical activity adherence. Yet, the conceptual theory test (b 
paths) only achieved statistical significance for social support, but not for the main mediator 
action control. Future studies should consider using larger samples with greater power to detect 
and compare these mediation paths with more precision. Third, assuming that the mediation is a 
fast occurring process (e.g., within the same day), we assessed mediators and behavior at a daily 
level. This however does not ascertain temporal order (i.e., whether the change in mediators 
occurred before the change in behavior). To establish a causal effect of the mediator, future 
research needs to consider the possibility to randomly assign values of the mediator (e.g., double 
randomization; 57). Following an action control intervention individuals could for example be 
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re-randomized to a self-efficacy or social support intervention to experimentally test a causal 
chain design. Moreover, future studies should consider using within-person intervention designs 
(e.g., persons receiving action control text messages on randomly selected days, but not on other 
days). This would enable to zoom in on the temporal process of the causal effect, and test 
whether action control text messages have immediate or lagged effects on the mediator and 
outcome. So far, the standard analytic procedures in between-person intervention designs test 
mediation strictly at the between-person level (58). Although there is some controversy around 
this topic (59), alternative analytic approaches using within-person information, particularly in 
the longitudinal multilevel context, have not yet been established.  
Conclusions 
The present study adds to the growing literature on mediating mechanisms of physical 
activity interventions by identifying important mediators of an action control intervention in 
couples. In summary, this study suggests that text messages can be used to affect our self-
regulation skills such as action control (e.g., keeping one’s goals in mind, monitoring one’s 
behavior and exerting effort to achieve one’s goals), as well as our social interactions with close 
others (e.g., social support from partner) in daily life. This can at least in part promote better 
adherence to recommended daily activity levels. However, given that the mechanisms are often 
intertwined in daily life, establishing unique mediator effects is difficult. Uncovering the 
working mechanisms of effective interventions is of significant relevance for designing 
innovative and effective health promotion programs in the future. However, more research is 
needed to understand what apart from theoretically derived constructs drive these effects. 
Moreover, researchers need to continue to examine the conceptual theory link using sound 
methodologies (e.g., objective parameters of behaviors), and to carefully think about for whom 
and how a powerful effect on a proposed mechanism can be achieved.  
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Table 1 
Overview of intervention components and corresponding behavior change techniques (32)  
Intervention components Behavior change techniques (BCT’s) 
Information leaflet on benefits and 
recommendations of physical activity for 
adults 
Information about health consequences 
Specifying behavioral intentions to 
achieve the minimum recommendation 
Goal setting 
10 text messages targeting subfacets of 
action control (awareness of standards, 
self-monitoring, self-regulatory effort) 
Self-monitoring of behavior 
Discrepancy between current behavior and 
goal standard 
Daily diary across 28 days Self-monitoring of behavior 
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Table 2 
Descriptive statistics for intervention (n = 58) and control group (n = 61) and between-person correlations across both groups  
 Control Group Intervention Group  1 2 3 4  Gender Age BMI  
1. Physical activity 
adherence 
   - .21* .16† .24*  -.18* -.03 -.13 
M .22 .34          
SD .19 .24          
Range .00 - .84 .00 - .82          
2. Action control     - .72** .49**  .23* .20* -.03 
M 3.18 3.72          
SD 0.86 0.65          
Range 1.44 - 5.01 1.97 - 4.88          
3. Self-efficacy      - .45**  .20* .19* .01 
M 3.72 4.37          
SD 0.89 0.61          
Range 1.65 - 5.50 1.90 - 5.09          
4. Received social 
support 
      -  .18† .21* -.10 
M 2.46 3.04          
SD 0.94 0.77          
Range 1.00 - 4.39 1.40 - 4.29          
Note. BMI = Body Mass Index; Gender is coded as 0 = male and 1 = female. †p < .10, *p < .05, **p < .01  
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Figure 1 Flowchart of participating couples. 
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Figure 2 Mean levels of mediators across the 28 diary days displayed for the 
intervention group (solid black line) and the control group (dotted grey line). 
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Figure 3 Mediation models summarizing A) action control and B) received social 
support as separate mediators of physical activity adherence (N = 119) 
Note. Unstandardized B coefficients are reported. Estimate in brackets refers to the total 
intervention effect.  Analyses were adjusted for gender, device wear-time, and baseline 
variable of the mediator. † p < .10 *p < .05, **p < .01 
 
